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Abstract
Oil palm cultivation is frequently cited as a major threat to tropical biodiversity as it is centered on some of the world’s most
biodiverse regions. In this report, Web of Science was used to find papers on oil palm published since 1970, which were
assigned to different subject categories to visualize their research focus. Recent years have seen a broadening in the scope
of research, with a slight growth in publications on the environment and a dramatic increase in those on biofuel. Despite
this, less than 1% of publications are related to biodiversity and species conservation. In the context of global vegetable oil
markets, palm oil and soyabean account for over 60% of production but are the subject of less than 10% of research. Much
more work must be done to establish the impacts of habitat conversion to oil palm plantation on biodiversity. Results from
such studies are crucial for informing conservation strategies and ensuring sustainable management of plantations.
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Introduction
The expansion in oil palm (Elaeis guineensis) cultivation is
frequently cited as being a major factor driving deforestation
and biodiversity loss in tropical countries [1–3]. The area under oil
palm has increased dramatically in recent decades and covers over
10.7 million hectares worldwide; an increase of 168% since 1960
[1]. Oil palm-derived oil is now the world’s major source of
vegetable oil and fat, with over 37 million metric tons produced in
2005, around 27% of the total global production. The oil is
ubiquitous in the food industry as well as the oleochemical
industry, where it is used for making soaps and detergents. Oil
palm is a tropical crop and is cultivated in lowland areas from
South America to Africa and Asia. Malaysia and Indonesia are the
leading producers of palm oil, exporting 15.0 and 14.1 million
metric tons respectively in 2005 [2]. Oil palm production is
therefore centered on highly biodiverse regions with high levels of
endemism [3–5]. Higher levels of palm oil production are also
generally associated with a higher number of endangered species.
Malaysia has by far the highest levels of palm oil production per
unit area and the highest relative number of endangered species
(Fig. 1). Recent decades have seen a diversification in the uses of
palm oil, for example in feed for livestock and fisheries. Alternative
uses for the oil and for byproducts of the plantation system are also
being investigated, with interest focusing on their potential as a
source of biofuel. With the heightened demand for palm oil as its
uses expand, oil palm production is set to increase in the future
[2,6]. Potentially this has extensive negative consequences for
biodiversity in these areas. Here we investigate whether sufficient
research is being done on the impacts of oil palm cultivation on
ecosystems. We find that while the focus of oil palm research has
changed over the last thirty years, far more still needs to be carried
out to quantify the impacts of this important crop on biodiversity.
Methods
ISI Web of Science (WoS) [7] was used to investigate how
research into oil palm has varied as its cultivation has increased.
We used the search term ‘‘‘‘palm oil’’ or ‘‘oil palm’’’’ and viewed
Figure 1. Number of threatened species per km
2 (IUCN Red List
of Threatened Species [27]) in relation to palm oil production
per km
2 in 2005 [2] in the top eight palm oil producing
countries.
doi:10.1371/journal.pone.0001572.g001
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the number found and classifying them according to their main
research focus as interpreted through their title, abstract, key
words, journal title and subject classification. It was therefore
possible to visualize how the focus of oil palm research has
changed since 1970. The number of oil palm publications was
compared to the number of publications on agriculture (search
term: ‘‘agriculture’’) and to global palm oil production. We also
compared the number of publications across the main vegetable
oil crops (search term: ‘‘‘‘vegetable crop name’’ and ‘‘oil’’’’) with
global oil production.
Results and Discussion
The number of oil palm publications relative to those on
agriculture has fluctuated considerably over time but has shown a
net increase. In contrast, the number of publications relative to oil
palm production has shown a net decrease (Fig 2). Despite being a
major source of vegetable oil worldwide, oil palm has attracted
relatively little research interest compared to other oil crops. Palm
oil and soyabean contribute over 60% to the world’s vegetable oil
production but have less than 10% of the research interest (Fig. 3).
Over the last 35 years, the major focus of oil palm research has
been its uses in food and the resultant health issues (22.19% of
total, 678 publications). In the last ten years there has been a
marked increase in the number of publications on i) byproducts
from the oil palm industry, ii) chemistry, engineering and
biotechnology, and iii) the production of biofuel. The number of
publications on biodiversity (0.75% of total, 23 publications) and
other environmental issues (2.06% of total, 63 publications) has
been extremely low (Fig. 4).
Publications concentrating on biodiversity and species conser-
vation have tended to focus on large animals [8–10] and birds
[11,12] where a severe negative impact on biodiversity has been
noted [13]. Although these larger animals are important flagships
for the state of the tropical environment, they are not good
indicators of oil palm plantation biodiversity. The vast majority of
species worldwide are insects, which carry out the lion’s share of
the ecosystem function [14]. We found only five publications that
relate to the impact of conversion of forest to oil palm plantations
on invertebrate biodiversity [15–19].
Understanding the impacts of oil palmexpansion on invertebrates
and other taxa is vital given the projected increase in oil palm area.
Not only will suchinformation allow us to make informed judgments
as to the genuine status of biodiversity in oil palm plantations, but it
will also allow us to begin to quantify how well these managed
ecosystemsarefunctioning.Byunderstandinghowdifferenttaxaand
guilds are affected by oil palm expansion we can begin to see how
management can be manipulated to enhance beneficial ecosystem
functions with minimum detrimental effects on productivity.
Agricultural theory highlights the use of integrated pestmanagement
in plantation and agricultural systems [20–22]. Such management
draws the link between components of the biotic environment and
beneficial functioning in the managed landscape, and therefore may
increase the yield or profit from an area whilst minimizing cost to
biodiversity. In oil palm, much research has focused on the uses of
focal species for pollination (e.g. the pollinating weevil Elaeidobius
kamerunicus, [23]) or parasitization of herbivores [21,22]. We suggest
that the focus now needs to be on the function of biological diversity
inthe plantation. Can practicesto increasebiodiversity be integrated
with traditional management to produce a net benefit for plantation
managers andthe environment alike?Management for thebenefit of
a wider range of species increases the stability of ecosystem functions
[24]. This is likely to lead to greater sustainability in the future as
ecosystem function is less tied to the fortunes of individual species.
Management to enhance biodiversity may not be as costly in
terms of yield or profit as it may first appear, as management
techniques may provide other benefits. For example, maintenance
of forest fragments in the plantation landscape is likely to increase
biodiversity, but is also likely to reduce erosion and flooding if
maintained around river margins. Flooding can be a major cause
of mortality in oil palms and incur huge costs. Recent publications
have also pointed out that oil palm estates are effectively self-
sufficient villages [3]. Therefore maintaining biodiversity in a
plantation context is also potentially important from recreational
and educational points of view, as oil palm has already become the
countryside for a large number of people in the tropics. Without
an awareness of biodiversity, future generations are less likely to
value and protect it [25].
Figure 2. Relative number of publications on oil palm between
1970 and 2005. Round symbols show publications relative to palm oil
production worldwide between 1980 and 2005 [2]. Square symbols
show publications relative to those on agriculture between 1970 and
2005 [7].
doi:10.1371/journal.pone.0001572.g002
Figure 3. Oil yield from top eight crops in 2005 [2] in relation to
total number of publications on each crop. Publication frequency
between 1970 and 2006 was assessed using Web of Science [7].
doi:10.1371/journal.pone.0001572.g003
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formed in the last few years aiming to promote and investigate the
potential of sustainable palm oil cultivation [13]. The most
influential of these is the Roundtable on Sustainable Palm Oil
(RSPO), which has made considerable progress in promoting
sustainable plantation management [2,26]. It is now up to
ecologists to provide information on the biodiversity status of oil
palm plantations and to investigate practices that may benefit
biodiversity, the environment, the community and the industry
alike.
Figure 4. Changes in the focus of research on oil palm between 1970 and 2006 [7]. Results are plotted as (A) total number of publications
and (B) percentage of publications.
doi:10.1371/journal.pone.0001572.g004
Oil Palm Research in Context
PLoS ONE | www.plosone.org 3 February 2008 | Volume 3 | Issue 2 | e1572Acknowledgments
We would like to thank Russell Stebbings and Claire White for their helpful
comments on the script.
Author Contributions
Conceived and designed the experiments: ET JS TF WF. Performed the
experiments: ET JS TF. Analyzed the data: ET JS TF. Wrote the paper:
ET JS TF WF.
References
1. Donald PF (2004) Biodiversity impacts of some agricultural commodity
production systems. Conservation Biology 18: 17.
2. Basiron Y (2007) Palm oil production through sustainable plantations. European
Journal of Lipid Science Technology 109: 289.
3. Koh LP, Wilcove DS (2007) Cashing in palm oil for conservation. Nature 448:
993.
4. Myers N, Mittermeier RA, Mittermeier CG, de Fonseca GAB, Kent J (2000)
Biodiversity hotspots for conservation priorities. Nature 403: 853.
5. Sodhi NS, Koh LP, Brook BW, Ng PKL (2004) Southeast Asian biodiversity: an
impending disaster. Trends in Ecology and Evolution 19: 654.
6. Henderson J, Osborne DJ (2000) The oil palm in our lives: how this came about.
Endeavour 24: 63.
7. Web of Science, ISI Web of Science for UK Education, Thomson Scientific
Products, http://wos.momas.ac.uk/ (September 2007 and January 2008).
8. Linkie M, Martyr DJ, Holden J, Yanuar A, Hartano AT, et al. (2003) Habitat
destruction and poaching threaten the Sumatran tiger in Kerinci Seblat National
Park, Sumatra. Oryx 37: 41.
9. Azlan J, Sharma DSK (2006) The diversity and activity patterns of wild felids in
a secondary forest in Peninsular Malaysia. Oryx 40: 1.
10. Rajaratnam R, Sunquist M, Rajaratnam L, Ambu L (2007) Diet and habitat
selection of the leopard cat (Prionailurus bengalensis borneoensis) in an agricultural
landscape in Sabah, Malaysian Borneo. Journal of Tropical Ecology 23: 209.
11. Aratrakorn S, Thunhikorn S, Donald P (2006) Changes in bird communities
following conversion of lowland forest to oil palm and rubber plantations in
southern Thailand. Bird Conservation International 16: 71.
12. Peh KS-H, Sodhi NS, de Jong J, Sekercioglu CH, Yap A–M, et al. (2006)
Conservation value of degraded habitats for forest birds in southern Peninsular
Malaysia. Diversity and Distributions 12: 572.
13. Stone R (2007) Can palm oil plantations come clean? Science 317: 1491.
14. Samways MJ (2005) Insect Diversity Conservation. Cambridge: Cambridge
University Press. 352 p.
15. Hassall M, Jones DT, Taiti S, Latipi Z, Sutton SL, et al. (2006) Biodiversity and
abundance of terrestrial isopods along a gradient of disturbance in Sabah, East
Malaysia. European Journal of Soil Biology 42: 197.
16. Chang MS, Hii J, Buttner P, Mansoor F (1997) Changes in abundance and
behaviour of vector mosquitoes induced by land use during the development of
an oil palm plantation in Sarawak. Transactions of the Royal Society of Tropical
Medicine and Hygiene 91: 382.
17. Chung AYC, Eggleton P, Speight MR, Hammond PM, Chey VK (2000) The
diversity of beetle assemblages in different habitat types in Sabah, Malaysia.
Bulletin of Entomological Research 90: 475.
18. Liow LH, Sodhi NS, Elmqvist T (2001) Bee diversity along a disturbance
gradient in tropical lowland forests of south-east Asia. Journal of Applied
Ecology 38: 180.
19. Davis ALV, Philips TK (2005) Effect of deforestation on a southwest Ghana
dung beetle assemblage (Coleoptera: Scarabaeidae) at the periphery of Ankasa
conservation area. Environmental Entomology 34: 1081.
20. Landis DA, Wratten SD, Gurr GM (2000) Habitat management to conserve
natural enemies of arthropod pests in agriculture. Annual Review of Entomology
45: 175.
21. Mariau D (2001) The fauna of oil palm and coconut: insect and mite pests and
their natural enemies. Montpellier: Cirad-cp. 249 p.
22. Howard FW (2001) Insects on Palms. New York: CABI publishing. 432 p.
23. Greathead DJ (1983) The multi-million dollar weevil that pollinates oil palms.
Antenna 7: 105.
24. Chapin FS, Walker BH, Hobbs RJ, Hooper DU, Lawton JH, et al. (1997) Biotic
control over the functioning of ecosystems. Science 277: 500.
25. Balmford A, Clegg E, Coulson T, Taylor J (2002) Why conservationists should
heed Poke ´mon. Science 295: 2367.
26. Roundtable on Sustainable Palm Oil, http://www.rspo.org/About_Sustainable_
Palm_Oil.aspx (20
th September 2007).
27. IUCN, http://www.iucnredlist.org/info/tables/table5 (20
th August 2007).
Oil Palm Research in Context
PLoS ONE | www.plosone.org 4 February 2008 | Volume 3 | Issue 2 | e1572